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CHAPTER II
BIOLOGY AND NATURAL HISTORY OF INVERTEBRATES
AND FISHES ASSOClATED WITH MACROCYSTIS
Invertebrates
Introduction
Although Macrocystis pyrifera has been an important com-
mercial resource in California since 1911 (Scofield 1955), little
iDformation was known regarding Macrocystis other than life history,
anatomy, and development prior to 1955. During the mid-1950s,
there was great concern in California because many of the com-
mercially important kelp forests were declining and it was feared
they would disappear unless conservation policies were implemented
(North 1968). A stat~ kelp committee was formed and recommended
initiation of a large- scale kelp research program. \Vith the advent
. of scuba and the availability of state and federal support during the
period 1956-1963, kelp forests were investigated on a holistic level
for the first time. Three major volumes arose from this concen-
trated study (North 1964, 1971a; North and Hubbs 1968), emphasizing:
(a) growth and physiology of Macrocystis; (b) the relative roles of
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physical (storms, pollutants, temperature, harvesting) and biological
(grazing) parameters on density and abundance oC giant kelp and
associated fishes; and (c) the feasibility of expanding existing kelp
forests through culture and transplant methods. Subsequent to this
period, investigations have elaborated on the above subjects (Miller
and Geibel 1973; Rosenthal et al. 1974; Jackson 1977; Lobban
1978a, b; Wheeler 1978) and also examined primary production,
energy no~, and trophic interactions between major consumers
(McFarland and Prescott 1959; Gerard 1976; Pearse and Hines 1978).
Investigations of the invertebrate assemblage associated
with Macrocystis, however, have been much less common.
-Clendenning (1971) and Miller and Geibel (1973) investigated the
effect of kelp harvesting on some of the invertebrates associated with
kelp canopies. Rosenthal et al. (1974) qualitatively studied some of
the large invertebrates within a kelp forest over a five-year period,
and Ghelardi (1960) examined the seasonal dynamics of all inverte-
brates associated with Macrocystis holdfasts. Wing and Clendenning
.(1971) investigated the numbers of invertebrates associated with
individual Macrocystis blades as a function of bryozoan encrustment
and depth. In related investigations, Lees (1971) observed differences
in the plankton found within and outside a kelp forest, and Zimmerman
(1979), Hobson and Chess (in prep), and Hammer and Zimmerman
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(in prep)# examined the invertebrate assemblages associated with
other species of algae commonly occurring with Macrocystis.
To date# no investigation has simultaneously discussed
composition, stratification, and seasonal dynamics of the mobile
invertebrate assemblage associated with the fronds of Macrocystis.
Information must be gathered with this degree of resolution to evalu-
ate adequately the relationships between invertebrate prey and kelp
forest fish predators. The present study was designed to collect this
information within a small kelp forest over a 19- month period. This
chapter describes and discusses in det2il the entire invertebrate
assemblage and provides basic natural history information for
selected fish predators. The study site, sampling methodology, and
utilization of the invertebrates as prey by these fish predators are
presented in Chapter 1.
Results and Discussion
Macrocystis seasonality
Macrocystis abundance at Habitat Reef revealed a high
degree of variance, suggesting a patchy distribution (Table 21). This
patchiness may have been due partially to substrate heterogeneity,
but probably was a result of age-class aggregations. Kelp plants in
shallower depths « 30 m) were more numerous and presumably
YOl:nger, with fewer stipes per pla'iit and smaller plant sizes. Plants
183
TABLE 21.--Density of :Macrocystis at Habitat Reef from Nov. 1975
to Dec. 1976, at depths less than 30 rn, greater than 30 m, and
combined. Table a presents the mean number of plants per rn 2;
Table b gives the mean number of fronds per plant
a.
<30 m >30 m Combined
x -Date x s n s n x s n
Nov. 1975 6.9 5.9 15 1.4 2.3 10 4.7 5. 5 25
Oct. 1976 2.4 1.8 16 0.5 0.7 13 1.5 1.7 29
Dec. 1976 0.9 1.1 13 0.4 0.7 12 0.7 1.0 25
,-
I
.\
b.
1<30 m >30 m Combined
-
. !
Date x s n x s n x s n
Nov. 1975 3.0 3.0 104 8.8 17.9 14 3.4 5.6 lIB
Oct. 1976 6.0 5.3 39 11. 0 4.6 7 6.7 5.4 46
- Dec. i976 3.3 3.3 12 7.4 7.9 5 4.7 5.1 17
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in deeper areas (0) 30 m) were much less abundant and older, with
more stipes per plant and larger sizes.
Because of the high variance in density measurements,
changes in plant density over time were not statistically significant.
In general, however, kelp density was high and relatively constant
during the period November 1975 to August 1976 (Table 21). In Sep-
tember 1976, ~he kelp density was reduced dramatically and continued
to decline over the next four months.
Seasonal changes in the Macrocystis standing crop are
largely a function of environmental fluc.tuations. Average standing
crop is lowest in areas of severe or frequent fluctuations, and
greatest in areas of relative environmental stability (Gerard 1976).
Growth rates of Macrocystis in southern California display little
seasonality, possibly due to compensatory effects of the smaller
environmental fluctuations (North 1971b). No seasonal patterns of
Macrocystis density were observed at Habitat Reef during the current
investigation, and the density generally was constant from about
. early 1972 until August 1976.
Nevertheless, all kelp forests are subjected to periodic
reductions in standing crop as part of a natural cycle of loss and
recruitment (Gerard 1976). Beginning in August 1976, the kelp
density at Habitat Reef began to decline and the canopy was reduced
185
drastically, completely disappearing in January 1977. Kelp density
continued to decline until May 1977 when abundances began to in-
crease, and reached predecline levels in August 1977 (J. Coyer,
unpublished data).
Elevated temperatures undoubtedly were a cause of this
decline, as kelp rorests in southern California deteriorate when the
water temperature exceeds 20°C for substantial periods (North
1971a). Significantly, temperatures did not reach 20°C in 1975, but
exceeded 20°C from mid-June to November 1976 (Fig. 3). High
temperatures also adversely affect sporophyll release and develop-
ment of the gametophyte (North 1970).
Invertebrate assemblage
i\nalysis of the in~ertebrat~ assemblage associated with
Macrocystis depends heavily on the assumption that most of the
associated species were collected. Evaluation of the sampling method
indicated that this assumption was realistic for those organisms
larg~r than 0.33 mm in any linear dimension. (protozoans, nematodes,
and attached species were not considered). In general, it can be
assumed that all but the rarest and smallest invertebrate species
were collected with the sampling method.
Few of the associated species were restricted to Macro-
cystis. Many species also were present in the holdfasts at Habitat
186
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Reef (Hammer and Zimmerman in prep) and/or in other types of
habitats adjacent to Habitat Reef (Zimmerman 1979; Hobson and '
Chess in prep). Nevertheless. some species were more abundant
within the Macrocystis habitat. and these species ar~ discussed in
detail below.
The number of species in each zone (all months combined)
was highest in the bottom and lavest in the middle and canopy (t-test.
all p<0.05; Table 22). This general pattern existed for every month
of the study period (Fig. 36). Month-to-month variability in the
number of species present was quite high for the middle and bottom
zones, but somewhat less for the canopy.
'-
The number of species present in the kelp foliage was less
than the number of species found by Ghelardi (1960) in a 12-month
investigation of kelp holdfasts near San Diego. The numbers of
common (this study, > 10/kg kelp) species in both areas. however,
were similar (foliage = 30. holdfast = 31). As in the kelp foliage.
amphipods numerically dominated the holdfast fauna and were the
. most speciose group of arthropods (20 spp). The holdfast fauna dif-
fered from the foliage assemblage primarily by the greater numbers
and species of polychaetes (29 spp) and isopods (11 spp).
No detailed investigation of holdfasts from Catalina is avail-
able. Hammer and Zimmerman (in prep), however, recently
187
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"- BOTTOM 3.8 4.9 748 965 38.9 6.6 I)
1
15 19 19 In
"'.
":;..
TABLE 22. --Kelp sample parameters averaged over all months
of the investigation for each of the vertical zones
Decomposition
x s
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3.4
Number of
_Species
x s
26.7711384
Number of
~ryozoans
x s
6.021.8
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Figure 36.. The Number of Invertebrate Species Present in Each
9f the Vertical Zones, Measured Monthly from June
1975 to December 1976. Each Point Is the Cumulative
Number of Species Collected from the Monthly Repli-
cates within a Zone.
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examined the nocturnal migrations of invertebrates associated with
kelp holdfasts at Habitat Reef. Most of the migrating species were
gammarid amphipods, and nearly half of these species were present
in the kelp foliage during the day. Analysis of the migrating species
also suggested that isopods were much more numerous in the hold-
fasts than in the foliage, and that few polychaetes were migrators.
Gammarid amphipods were the dominant taxa within the kelp
foliage and holdfast assemblages. These areas differed in numbers
of species, species composition, and in relative abundances of species
common to both areas. A complete dis~ussion of the major arnphipod
species found in the foliage is deferred to the latter portion of this
chapter.
Invertebrate seasonality
The invertebrate assemblage associated with Macrocystis
did not display the dramatic seasonality characteristic of freshwater
system~. Nevertheless, a slight degree of seasonality was suggested
as invertebrate numbers and biomass generally were highest from
December to May and lowest from June to November (Fig. 4).
The period of increased invertebrate standing crop was
associated with an increase in both temperature from its annual
minimum to intermediate values, and daylight from the lowest to
m~ximum levels. Low levels of standing crop occurred as
191
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temperatures peaked then declined to lowest levels, and as daylight
decreased from maximum to minimum levels (Figs. 3,4). The·
turbidity data were highly variable and analysis of data from the past
six years at Catalina failed to reveal either a ~trong, temporal pattern
or correlations with temperature and daylight. Historically, how-
ever, turbidity at Catalina has been relatively reduced from October
to December, and greatest from May to June.
'These observations suggested a general correlation of
invertebrate standing crop with temperature, daylight, and turbidity.
,
It was assumed for this investigation that primary productivity
paralleled turbidity, although this assumption may be weak, espe~ially ._
in coastal waters. As temperature, daylight, and turbidity began to
increase, the largest and reproductively mature individuals of many
species were present, especially in the canopy (Fig. 12; also see
Fig. 47, below). It is possible that larvae and/or juveniles of these
species were released as primary productivity continued to increase.
During the warm water period from July to September, many species
declined in abundance. The larger and presumably reproductively
mature individuals disappeared, and only smaller individuals were
present. As temperature and daylight approached their annual
minima, these individuals matured and the cycle began anew.
Molluscs were an exception to this general pattern, as most
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non-nudibranch molluscs were much. more abundant during the
periods of warmest water.
The largest and reproductively mature individuals of many
species were most prevalent in the canopy. As discussed above, the
canopy was reduced drastically by natural causes a few months before
the predicted period of increased invertebrate standing crop in
1976-1977. Elimination of this habitat potentially influenced subse-
quent recruitment, population size structure, and utilization patterns
by fish predators. Long- term canopy manipulation experiments are
necessary to understand better the importance and role of the canopy
in invertebrate 'standing crop.
Decomposing kelp
Decomposing kelp within a sample was measured for corre-
lation with the abundances of selected invertebrates and the number
of invertebrate species and individuals. Within each zone, the
amount of decomposing kelp varied considerably during the study,
ranging from 10.4 to 32.50/0 in the canopy, 3.3 to 33.0% in the
middle, and 0 to 17.9% in the bottom (Fig. 37). No annual or
repeated cycles were present. In general, there was a progressive
increase in the mean percentage of decomposing kelp (all months
combined) from lowest levels in the bottom zone to higher levels in
193
Figure 37. The Percentage of Decomposing Kelp within Each Zone
Measured Monthly from October 1975 to December 1976.
Each Point Is the Mean of Five Replicate Samples.
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the middle and canopy (t- test between means of: C and M. ns; C.
M. and B. p<O. 001; Table 22).
In all zones. the number of species present was independent
of the amount of decomposing kelp and relatively constant (Fig. 38).
There was no correlation between the amount of decomposing kelp
and the number of invertebrate individuals (all species combined) in
the C2...'10py (n = 15, r = -0.14), middle (n = 15, r = O. 16), or
bottom (n = 15, r = -0.16).
Decomposing plant material is a potential food resource for
invertebrates, and numerous areas of decomposing material are
associated with Macrocystis. One area of decomposition is within
the holdfast. Initially. the holdfast is composed entirely of living
tissue. but as it increases in size the central portion decomposes
and debris accumulates (Ghelardi 1960). This area becomes pro-
portionately larger than the living portion as the holdfast continues
to increase in size. According to Ghelardi (1960>' a distinct group
of animals is assoclated with the decomposing portion. and more
* species are present in this area than in the living section.
The areas of decomposition present in the foliage portion of
Macrocystis are in a more transient form. A kelp plant may have
numer cus senescent and decomposing fronds or none at all, and both
extremes can exist within a short period of time. Areas of foliage
decomposition always are present within a kelp forest, but the amount
196
Figure 38. The Relationship between the Number of Invertebrate
Species and the Amount of Decomposing Kelp for Each
Vertical Zone. Each Point Represents a Mean of Five
Replicate Samples, Collected Monthly from October 1975
to December 1976. Canopy: n = 15, r = 0.11, ns;
Middle: n = 15, r = -0.06, ns; Bottom: n = 15,
r = 0.01, ns.
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and location may be too unpredictable to allow the type of "succession-
al" associations found in the holdfasts. Thus, there was no corre-
lation between the number of foliage-associated species and amount
of decomposing kelp (Fig. 38). A few species, however, may be
more abundant in areas of decomposition (see Ampithoe, below).
Bryozoan encrustations
The bryozoan Lichenopora novae-zelandiae' displayed a re-
peated annual peak of abundance from August to September {Fig. 39).
The middle zone always had the greatest density of bryozoans,
followed by the bottom and canopy (Table 22). Bryozoan abundance
was not correlated with the amount of decomposing kelp (all n = 15, C:
•
r = 0.35; M: r = -0.17; B: r = -0.27).
Bryozo'an encrustations on Macrocystis blades are another
potential food resource for some mobile invertebrates. Wing and
Clendenning (1971) noted substantial increases in both invertebrate
abundance and species composition with increasing Membranipora
encrustations. In the current investigation, however, increases in
Lichenopora encrustations corresponded to periods of lowest inverte-
brate abundance (Fig. 4). and there was no correlation between
Lichenopora density and number of species (all n = 19, C: r =0.13;
M: r = 0.43; B: r = 0.44) or number of invertebrate individuals (all
n = 19, C: r = -0.02; i\1: r = -0.49; B: r = -0.31).
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Figure 39.. Abundance of the Bryozoan LichenODora novae-zelandiae
x.± 1 Standard Deviation) within Each Vertical Zone,
, Measured Monthly from June 1975 to December 1976.
Each Point Represents a Mean of Three or Five Repli-
..
cate Samples (See Figure 2).
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An explanation for this apparent discrepancy involves an
analysis of bryozoan morphology and its relationship to predation
(morphological descriptions from Hyman 1959). Membranipora is an
encrusting cheilostome, with numerous box-like calcareous zoecia
forming a single layered encrustation. The basal surface is attached
to the substrate, and the frontal surface is covered by a thin and
pliant chitonous cuticle termed the frontal membrane. This membrane
is the most vulnerable part of the bryozoan, and protective spines
have developed in many species. Membranipora has a very large
frontal membrane, but protective spines are either absent or small
and delicate (Yoshioka 1973). Thus, Membranipora is particularly
susceptible to predation because of the large and relatively unpro-
tected frontal membrane. Numerous invertebrates such as shrimps
and nudibranchs are important Membranipora predators (Yoshioka
1973), ~d other invertebrate predators undoubtedly exist. Conse-
quently, the positive correlation noted by Wing and Clendenning
(1971) perhaps is not surprising.
Lichenopora, however, is an encrusting cyclostome with
tubular and calcified zoecia radiating from a central point. The
terminal and small orifice of each zoecium is protected by a spine,
and the zooid withdraws well into the tubular zoecia. No frontal
membrane is present. Thus, a predator on Lichenopora must be
202
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specialized to exten~ through the small and guarded orifice to reach
the retracted zooid. Such specialized predators may be less common
than the generalized predators uti~izing Membranipora. Consequently,
large increases in invertebrate abundance and/ or species composi-
tion in response to increases in Lichenopora abundance should not be
expected. The abundance of at least one gastropod, however, is
highly correlated with Lichenopora abundance (see Granulina, below),
and it may be a specialized predator.
Lichenopora was more abundant in the lower zones than in
the canopy because of the Macrocystis growth pattern (see also
Bernstein 1977). New blades are formed at the frond apex, and
.. -
front growth is intercalary with elongation occurring between all
blades (Neushal and Haxo 1963). Thus, the oldest blades are in the
bottom zone, the youngest in "the canopy. Bryozoan settlement on
M~crocystis is partially a function of substrate age; consequently,
Lichenopora abundance was greater in the lower zones.-
Abundance and natural history
~ of the major species
The ten most abundant specie? in each zone are presented
in -Table 23. Each species is discussed in "detail below.
Amphipods. Amphipods were the most important component
of the invertebrate assemblage associated ',vith Macrocystis. in
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terms of both numerical abundance and biomass (Figs. 5, 6). As a
result of this dominance, an accurate estimate of invertebrate
standing crop dynamics could be determined by measuring only the
amphipod component. Twenty species were present,. but three
species, Microjassa litotes, Gitanopsis vilordes, and Aoroides
columbiae, accounted for 870/0 of the individuals. Collectively, these
three species comprised 86% of all amptiipods in the canopy, 96%
in the middle, and 73% in the bottom (Table 24). Fewer amphipod
species were present in the canopy (11) than in the middle (16) and
bottom (l8). Two species, Ampithoe plea and Hyale frequens, were
most common in the canopy, whereas all other species were most
abundant in the lower zones. All species were found in other types
of habitat, and none were restricted to Macrocystis.
Amphipod size-frequency distributions in each vertical zone
were strongly skewed toward the larger sizes, and all were signifi-
cantly different from each other (K-S test, all p<O. 01; Fig. 40).
Based on these size distributions, amphipods were largest in the
canopy, intermediate in the bottom, and smallest in the middle. A
logarithmic transformation did not normalize the distributions
(Table 25).
Gamrnarid amphipods are extremely abundant in almost all
marine and freshwater environment.~, but only a few species have
205
_
_
:_=
-__
~r:
:-:
::•.
:_-
=
~:
.-
;:
-~
;.
~;
~.
:~
~.
:.
-~.
~:-
.~-
,Jc
f--
=:-
~
_
:.5
".
.
~
T
A
B
LE
24
.-
-T
he
te
n
m
o
s
t
a
bu
nd
an
ta
m
ph
ip
od
s
in
e
a
c
h
z
o
n
e
.
A
bu
nd
an
ce
s
r
e
fe
r
to
th
e
m
e
a
n
n
u
m
be
r
pe
r
m
o
n
th
.
a
v
e
ra
ge
d
o
v
e
r
th
e
e
n
ti
re
I9
-m
on
th
in
ve
st
ig
at
io
n
C
A
N
O
PY
M
ID
D
LE
.
B
O
TT
O
M
SP
EC
IE
S
#/
ltg
SP
EC
IE
S
ii/
kg
SP
EC
IE
S
#/
kg
G
ita
no
ps
is
v
il
or
de
s
46
6
Mi
(a
·9
.i
~s
~~
]j.
tot
es
20
18
M
ic
ro
ja
ss
al
it
ot
es
10
54
A
o
ro
id
es
c
o
lu
m
bi
ae
16
4
G
ita
no
ps
is
v
il
or
de
s
15
51
G
ita
no
ps
is
v
il
or
de
s
77
8
M
ic
ro
ja
ss
al
it
ot
es
10
3
A
or
oi
de
s
c
o
lu
m
bi
ae
.
60
0
Po
nt
og
en
ei
a
ro
s
tr
at
a
43
5
A
m
pi
th
oe
pl
ea
91
B
at
ea
tr
an
sv
er
sa
82
A
or
oi
de
s
c
o
lu
m
bi
ae
35
0
H
ya
lc
fr
eq
u
e
n
s
*
24
Po
nt
og
en
ei
a
ro
s
tr
at
a
40
B
at
ea
tr
an
sv
er
sa
34
2
E
at
ea
tr
an
sv
er
sa
2
A
m
pi
th
oe
pl
ea
37
A
rn
pi
th
oe
pl
ea
14
7
Po
nt
og
en
ei
a
ro
s
tr
at
a
1
P
le
us
te
s
pl
at
yp
a
5
P
le
us
te
s
pl
at
yp
a
12
P
lc
us
te
s
pl
at
yp
a
1
E
ri
ch
th
on
iu
s
br
"a
zi
lie
ns
is
1
E
ri
ch
th
on
iu
s
br
az
il
ie
ns
is
8
E
ri
ch
th
on
iu
s
br
az
il
ie
ns
is
<
1
P
le
us
ir
us
s
e
c
o
rr
u
s
<
1
P
le
us
ir
us
s
e
c
o
rr
u
s
6
Ja
ss
a
fa
lc
at
a';
C
<
1
st
en
ot
ho
id
s
p
*
<
1
A
m
ph
ilo
ch
us
s
p*
2
N
),'t
un
iqu
e
o 0)
I
"
Figure 40. Size-frequency Distributions of Mixed Gammarid
Amphipod Species for Each Zone and All Zones Com-
bined, Measured Quarterly from July 1975 to October
1976. Abbreviations are: gl = Skewness, g2 =
Kurtosis, Others as in Table 1.
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TABLE 25.--Tests of no:-mality for size-f!"eque:1cy Cistributions of selected micro-
invertebrates. All data were log transformed. and norr.lalit;)· tested b;>' examining
skewness. l.-urtosis. and chi- squared goodness of fit
-X2log x log s gl P g2 P P n
HiDDolvte clarki
C 0.775 0.161 0.51 <0.001 -0.31 ns 52.1 <0.001 ~37
M 0.742 0.154 0.34 <0.001 0.52 <0.05 151.7 <0.001 408
B 0.715 0.129 0.48 < 0.001 0.18 ns 35.1 <0. 001 452
T 0.733 0.149 0.54 < O. 001 0.03 ns 112.8 < O. 001 1297
Sh'ella pacifica
C 0.775 0.149 -1.40 <0.001 2.91 <0.001 483.8 < 0.001 470
I'll 0.630 0.226 -0.26 <0.050 -1.02 < O. 001 125.4 <0.001 438
B 0.621 0.227 -0.47 < O. 001 -0.01 ns 89.5 <0.001 438
T 0.679 0.214 -0.72 <0.001 -0.06 ns 284.9 <0. 001 1346
Acanthomvsis sculDta
0.632 0.239 -0.38 <0.001 -1.04 <0.001 402.4 <0.001
515
198
351
1054
~8.3 <0.001
81.9 <0.001ns
1.66 <0.001 248.1 <0.001
0.290.430 0.183 0.70 <0.001
0.757 0.161 -1.32 <0.001
0.575 0.222 -0.39 <0.050 -0.97 <0.010
B
M
T
c
, .
~ 'C~
1('; I
.1"
.Ii ,
,',
Amphipods (mixed species)
C 0.400 0.201 0.67 <O~ 001 0.24 DS 97.9 < 0.001 413
M 0.228 0.138 0.78 < O. 001 2.32 <0. 001 1193.6 <0. 001 378
B 0.302 0.155 0.57 <0. DOl 0.14 ns 72.4 < O. 001 426
T 0.312 0.181 0.86 < O. 001 1. 03 <0.001 359.5 <0.001 1217
"
. ~ i'
I' Key to abbreviatior.s: il = skewness; &2 = !:u:-tosis; X
2
= cni-sGl:are gooeness of fit;
P = probabilit~'; os =not sig:lifica:n at 95'r: level; C = canop,i'; ?! = middle; B = bo~o~; T =
corn~.nec zones,
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been investigated with an ecological emphasis (Cooper 1965; Croker
1967; Strong 1971; Van Dolah 1978). Three basic feeding types have
been identified (Barnard 1969b): (1) grazers on epiphitic films of
bacteria and!or diatom films, (2) herbivores on algae, and (3)
scavengers on debr.is, detritus, and carrion. Very few gammarid
amphipods have evolved as general predators or parasites (Barnard
1969b).
Distribution of gammarids generally is influenced by sub-
strate structure, and several functional relationships between species
and substrate have been described (Barnard 1964). The gammarids
associated with Macrocystis can be described by two of these rela-
tionships: (1) those building tubes in direct association with algae,
and (2) those "nestling" in algae and without tubes. In general,
amphipods in the latter category were nocturnal migrators.
Microjassa litotes was the most numerous amphipod in the
kelp forest during this investigation, forming 39. 0% of all amphipod
individuals. It was extremely abundant in the middle and bottom zones
but much less common in the canopy (Table 5, Fig. 41). Although
seasonal trends were not well defined, Microiassa was most abundant
during spring and early summer. Microjassa was one of the small~st
amphipods associated with the kelp foliage, with similar sizes in all
zones (Table 26). It is not found in turf algae (Zimmerman 1979) and
is rare in the holdfasts and other ha~~tats at Catalina {Hammer and
210
~):
,,1;1 ".
'. !
, I
"f
.. ,
Figure 41. Monthly Abundances of the Gammarid Amphipods,
Gitanopsis vilordes, Aoroides columbiae, and Micro-
jassa litotes, in Each Vertical Zone from June 1975
to December 1976. Legend as in Figure 10 b.
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Zimmerman in prep), but is considered an ubiquitous species in
central and southern California (Barnard 1969a>'
According to Barnard (1964), Microjassa builds a stiff tube
that is attached to algae. The species apparently is not a nocturnal
migrator, as individuals have never been found in the water column
at night (Hobson and Chess 1976; Hammer and Zimmerman in prep).
Food and feeding information are not available.
Gitanopsis vilordes was the second most abundant amphipod
associated with Macrocystis and it, too, was one of the smallest
species, similar in size and size distribution to Microjassa (Table
26). Although most abundant in the lower zones, it commonly
ocpuI:redjn .the canopy, and was the most numerous amphipod in this
zone (Table 24, Fig. 41). No seasonal patterns were apparent. It
is an algal nestler, moderately abundant in the benthic turf algae,
holdfasts, and other local (Catalina) algal habitats (Zimmerman 1979;
Hammer and Zimmerman in prep). This species possesses sucking
or mucus-lapping mouth parts (Barnard 1975) and may utilize the
mucus and/or diatom film on Macrocystis as a food resource.
Gitanopsis migrates into the water column at night (Hobson and Chess
1976; Hammer and Zimmerman in prep). None of the measured
physical and biological variables were correlated with Gitanopsis
abundance (Table 27).
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Aoroides columbiae, the third most numerous amphipod, was
most abundant in the lower zones, but common in the canopy (Table
24). It is ubiquitous in California (Barnard 1969a) and was moderately.
common in holdfasts and other local habitats (Zimmerman 1979;
Hammer and Zimmerman in prep). Abundances were somewhat
higher in autumn (Fig. 41). Aoroides attaches a stiff tube to algae
(Barnard 1969a), and does not migrate into the water column at night
(Hammer and Zimmerman in prep).
- Much of the variability in Aoroides abundance is explained
by the positive correlations with turbidity and bryozoan density and
the inverse relationship with Heterostichus abundance (Table 28).
,
The latter relationship may be spurious, as amphipods were relatively
unimportant in the diet of Heterostichus. Thus, it is unlikely that
"
Aoroides abundance was influenced negatively by Heterostichus
predation, especially when Aoroides occurred in high numbers and
Heterostichus was uncommon. The relationship between turbidity,
bryozoan density, a~d Aoroides is obscure.
Ampithoe plea was one of the largest amphipods found associ-
ated with Macrocystis and was much more common in the canopy than
in the lower zones (Table 24). Abundances were greatest during
winter and spring, lowest during summer (Fig. 42). It is not found
in the algal turf, holdfasts, nor other local algal habitats, although
other species of Amoithoc are present (Zimmerman 1979; Hammer
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Figure 42. Monthly Abundances of the Gammarid Amphipods,
Ampithoe plea, HYale freguens, and Batea transversa,
in Each Vertical Zone from June 1975 to December 1976.
Legend as in Figure 10 b.
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and Zimmerman in prep). Ampithoids possess spinning glands used
to form soft parchment-like tubes which arc attached to algal sur-
faces (Barnard 1965). Limbaugh (1955) described a large canopy-
dwelling ampithoid that formed a tube by rolling an~ "stitching tl the
edge of a Macrocystis blade. Ampithoe plea is found infrequently
in the water column at night (Hammer and Zimmerman in prep).
Most of the variability in Ampithoe abundance was explained
by variations in Brachyistius densitYI but temperature also was a
significant factor ~.Table 28). Ampithoe abundance decreased as both
Brachyistius density and temperature increased. Predation by
Brachyistius may have influenced the p~pulation size of Ampithoe.
Both species were most abundant in the canoPYI and amphipods were
the most important prey item in the diet of Brachyistius (see
"Patterns of Resource Utilization, " Chapter I). The negative corre-
lation with temperature is consistent with the seasonal peaks of
abundance in winter and spring.
.
Hyde freguens is also a large amphipod, essentially confined
to the canopy and was most abundant during winter and spring
(Table 24 1 Fig. 42). It is the most common intertidal amphipod in
California (Barnard 1969a) and also is found in other subtidal habitats
at Catalina (Zimmerman 1979; Hammer and Zimmerman in prep).
This amphipod nests in algae and feeds on algal material or associated
220
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debris and epiphytes. It never builds a tube and rarely is associated
with sediments (Barnard 1969a). Thus, its preference for the canopy
perhaps is not surprising. A few H. freguens are present in the
water column at night, suggesting limited nocturnal migration
(Hammer and Zimmerman in prep).
Batea transversa was very abundant in the bottom zone, . less
common in the middle, and uncommon in the canopy (Table 24). Sea-
sonal abundance patterns were variable and obscure in the bottom,
but were constant and low in the upper zones (Fig. 42). It is ex-
tremely common in the benthic turf algae, holdfasts, and other local
alga habitats (Hobson and Chess 1976; Zimmerman 1979; Hammer
and Zimmerman in prep), and is known only from southern California
(Barnard 1962). At night, B. transversa is the dominant amphipod
in the water column (Hobson and Chess 1976; Hammer and
Zimmerman in prep). Thus,~. transversa is confined to various
benthic algae during the day, and migrates into the water column at
night.
Like !!. transversa, Pontogeneia rostrata was very abundant
in the bottom, much less common in the middle, and rare in the
canopy (Table 24). Peaks of abundance occurred in late fall-early
winter (Fig. 43). It is primarily a northern California species
(Barnard 1969a), and is not found in t~~ local benthic turf algae or
221
Figure 43. Monthly Abundances of the Gammarid Amphipods.
Pontogeneia rostrata and Pleus tes platvpa, in Each
Vertical Zone from June 1975 to December 1976.
Legend as in Figure 10 b.
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holdfast habitats, although other species of Pontogeneia are present
(Zimmerman 1979; Hammer and Zimmerman in prep). Pontogeneia
rostrata is an alga nestler (Barnard 1975), and may be a nocturnal
migrator, as other species of Prntogeneia were common in the water
column at night (Hammer and Zimmerman in prep).
Ericthonius braziliensis (Appendix II) and Pleustes platypa
(Fig. 43) were confined essentially to the bottom zone (Table 24), and
seasonal patterns of abundance were obscure. This amphipod lives
in stiff tubes attached to algae or burrows in sand or mud (Barnard
1975). It is the most abundant amphipod in the benthic turf algae
(Zimmerman 1979) and is ubiquitous in California (Barnard 1969a).
Pleustes platypa is not a tube dweller and is rare in the benthic algae
(Zimmerman 1979). Both species were present in the holdfasts, and
nocturnal migration is limited (Hammer and Zimmerman in prep).
Copepods. Numerically, copepods formed a major portion
of the invertebrate ass"emblage, but contributed very little to the
total biomass (Figs. 5,6). Harpacticoids were the dominant group,
and eight species were present during the study. Three species
(Porcellidium viridae, P. sp A, Tisbe spp) contributed 880/0 of all
harpacticoids in the middle, and three species (P. viridae, Tisbe spp,
Scutellidium lamellipes) accounted for 890/0 and 920/0 of the harpacti-
coids in the canopy and bottom zones"; respectively (Table 23).
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Very little is known about the ecology of benthic and epi-
phytic copepods. Porcellidium spp, Zaus spinatus, and S. lamellipes
are among the most numerous species of harpacticoids associated
with the various species of algae in southern California (Monk 1941),
and Tisbe spp are found on virtually all marine surfaces. With few
exceptions, most species were similarly abundant in all zones and
seasonal patterns were nonexistent (Fig.. 44). Many harpacticoids
migrate into the water column at night (Hobson and Chess 1976).
Mysids. Mysids were always a moderately important
numerical component of the invertebrate assemblage (Table 4), but
during winter and spring, formed a substantial portion of the inverte-
brate biomass in the canopy (Fig. 5). Three species were present
in the kelp forest during this investigation. Abundances of the two
common species revealed a high degree of variance among replicate
samples (Fig. 45), suggesting patchy distributions. This patchiness
probably is a result of the social aggregations or swarming behavior
characteristic of mysids (Clutter 1969). This swarming is analogous
~ to schooling in fishes and has been hypothesized to provide similar
benefits (Clutter 1969).
Acanthomysis sculpta is associated intimately with attached
Macrocystis, but also is commonly found in kelp detritus and is a
permanent resident of surf zones with a continuous supply of detrital
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Fig\lre 44. Monthly Abundances of the Harpacticoid Copepods.
Porcellidium viridae. Tisbe sPP. and Scutellidium
lamellipes, in Each Vertical Zone from June 1975 to
December 1976. Legend as in Figure 10 b .
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Figure 45. Monthly Abundances of the Mysids, Acanthomysis sculpta
and Siriella pacifica, in Each Vertical Zone from June
1975 to December 1976. Legend as in Figure lOb.
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kelp (Clarke 1971). \Vithin the Habitat Reef kelp forest, it was con-
fined largely to the canopy (see also Limbaugh 1955; Clutter 1967;
Clarke 1971; Hobson and Chess 1976) and was the dominant mysid in
this zone (Table 23). It rarely is observed in holclf~sts or other
habitats (Ghelardi 1960; Hammer and Zimmerman in prep).
Acanthomysis sculpta was abundant primarily during the
winter months (Fig. 45), and although only winter 1975-76 was
sampled adequately, limited data from winter/spring 1974-75 sup-
ported this observation (Coyer, unpublished data). During the last
few months of this investigation, however, A. sculpta rarely was en-
countered because of the reduction and eventual disappearance or the
cariopy:prior to winter 1976-77 (Table 21).
Hobson and Chess (1976) found that some A. sculpta are
present in the water column at night, but most individuals remain
closely associated with the kelp. They also report that~. sculpta
is an omnivore, feedi~g on Macrocystis material and small crusta-
ceans during both day and night.
. .. - Acanthomysis sculpta abundance decreased as temperature
increased and as Paralabrax clathratus (kelp bass) density and
Heterostichus rostratus (kelpfish) density increased (Table 27).
Temperature was the better predictor of variability in mysid abun-
dance (Table 28), consistent with the observation that A. sculpta
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prefers colder water. Fish predation also influenced mysid abun-
dance, as mysids were important prey items in the diet of juvenile
Paralabrax and juvenile Heterostichus and were actively selected by
both Paralabrax life stages (see Chapter I).
The size-frequency distributions of A. sculpta were skewed
slightly toward smaller sizes in the canopy and larger sizes in the
middle, but were skewed strongly toward the larger sizes in the
bottom zone (Fig. 46). Log transformed distributions were signi-
ficantly non- normal, with high skewness and kurtosis (Table 25).
These distributions suggested a progressive decrease in size from
largest sizes in the canopy to intermediate sizes in the middle, and
smallest sizes in the bottom (K-S test, all p<O.OOl).
Although mean carapace length in the canopy varied 'con-
siderably during this study, sizes generally were largest during
January and smallest during October. Mean sizes in the middle also
varied widely, but an. annual pattern was suggested: largest in July
and smallest during October. In the bottom, mean sizes were less
variable, but the seasonal pattern was obscure (Fig. 12).
As A. sculpta essentially was confined to the canopy, almost
all brooding females likewise were found in the canopy (Figs. 47.48).
Most were present during winter and spring.
The other mysid commonly associated with Macrocystis
during this investigation was Siriella pacifica. Unlike A. scu!pta,
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Figure 46. Size-frequency Distributions of the Mysid Acanthomysis
sculpta Measured from Jul;}F 1975 to October 1976 for
Each Zone and All Zones Combined.
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Figure 47. Monthly Abundances of Brooding Females within Each
Vertical Zone for Hippolyte clarki. Siriella pacifica.
and Acanthomysis sculpta. Each Point Represents a
·Mean of Five Replicate Samples.
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S. pacifica was abundant in every month, relatively uncommon in the
canopy, and very abundant in the lower zones (Table 23). Seasonality
was obscure but, in general, S. pacifica was most abundant during
spring and summer, least abundant in winter (Fig..45).
Siriella pacifica rarely is collected from holdfasts or other
habitats (Ghelardi 1960; Hammer and Zimmerman in prep) .
.
According to Hobson and Chess (1976), S. pacifica migrates from
the kelp forests into the surrounding open water at night~ where it
feeds on copepods and cladocerans. They report that diurnal feeding
is minim....l.
Daylight accounted for most of the variation in S. pacifica
,
abundance. although the amount was relatively low (Table 28). In
general, as daylight increased, so did S. pacifica abundance (Table
27). Nocturnal variables, such as food supply and predator abun-
dance. were not measured~ but may be important in predicting Siriella
abundance.
Size- frequency distributions of S. pacifica in the middle and
bottom were skewed slightly toward the larger sizes, whereas the
canopy distribution was skewed slightly toward smaller sizes (Fig.49).
Log transformation did not normalize the distributions (Table 25).
These distributions again revealed a pattern of largest individuals in
the canopy, intermediate sized individuals in the middle. and
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Figure 49-: : Size-frequency Distributions of the Mysid Siriella
pacifica for Each Zone and All Zones Combined•
.
Measured Quarterly from July 1975 to October 1976 .
. Abbreviations as in Figure 40 .
.
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smallest individuals in the bottom zone U{-S test. all p<O.OOl).
Analysis of S. pacifica and A. sculpta size distributions in each
zone suggested that S. pacifica was the larger mysid (K-S test. all
p<O.OOl).
Throughout this investigation. the mean carapace lengths of
S. pacifica in the canopy and middle displayed an annual pattern:
largest during January and smallest during July (Fig. 12). Mean
sizes in the canopy always were larger (t-test. all p<O.Ol) than in
either lower zone. and mean sizes in the middle were similar or
larger (t-test. all p<O. 01) than in the bottom (except July 1976).
Abundances of brooding S. pacifica were slightly greater in
the middle than in the bottom and canopy. although relatively more
brooding females were present in the canopy than in the lower zone
(Figs. 47.48). The number of brooding females was highest during
winter. lowest during spring and summer. Seasonality was variable
in the lower zones and was highest during low canopy abundances.
In summary. the two most common mysids associated with
Macrocystis during this investigation apparently are non- overlapping
in resource utilization. Each species utilizes different foods. feeds
at different times. and is present in different microhabitats.
A third mysid rarely was encountered in the kelp foliage.
When present. this unidentified erythropinid was found only in the
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lower zones (Appendix II). During the day, it often is associated
with the accumulated flocculent material occurring in shallow depres-
sians on sandy bottoms (Hobson and Chess 1976), and occasionally is
collected from holdfasts and benthic algae (Hammer and Zimmerman
in prep). Hobson and Chess (1976) reported it present in the water
column only at night, presumably migrating from diurnal refuges.
Mysids are remarkably specific in habitat preferences.
Clarke (1971) found 12-14 species of mysids co-occurring in the
kelp forests o! San Diego and Baja California, but only three species
were associated with the kelp foliage and holdfast. As at Habitat
.Reef, A. sculpta and S. pacifica are common in the kelp foliage, and
a third, less abundant species is found only in the holdfast. The
other species are confined to different layers of open water within
the kelp forest and to different benthic habitats on the kelp forest
floor. Clutter (1967) reported similar patterns of zonation among
species of nearshore mysids, and suggested that the patterns existed
in response to food availability.
Competitive interactions may be very important in struc-
turing rnysid communities. Clutter (1967) examined the interactions
between species of nearshore mysids, and has developed and sup- .
ported this hypothesis. Results from Clarke's (1971) investigation
and the current study suggest that a maximum of three mysid species
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Nocturnal and diurnal distributions and abundances were
may be associated commonly with the kelp foliage and holdfast.
(unpublished data, cited in Lowry et aL 1974). Hippolyte clarki also
Patterns of resource utilization in coexisting species of mysids must
Chess (1976), and for the closely related H. californiensis by Lowry
associated with the Macrocystis roliage. It was most abundant in the
be examined in many different areaS I however I to understand better
Shrimps. Hippolyte clarki was by far the dominant shrimp
are very important in mysid community organization.
species of kelp foliage mysids suggests that interspecific interactions
The non- overlapping patterns of resource utilization displayed by two
the ultimate factors influencing mysid distribution and abundance.
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able, Dictyopteris- Sargassum beds (Hammer and Zimmerman in
canopy (Fig. 10), an observation previously noted by Hobson and
brate biomass in the canopy (Fig. 5).
prep). Peaks of abundance occurred during the winter months;
...-_.
on veligers, foraminiferans, and shrimp larvae (Hobson and Chess
and Coyer unpublished data; see also Hobson and Chess 1976). At
similar, suggesting little or no nocturnal migrations (Zimmerman
was present in the holdfasts and in the nearby, but seasonally avail-
Habitat Reef, H. clarki primarily was a nocturnal predator, feeding
during this time, H. clarki was a major component of the inverte-
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1976). In 8M'} Diego kelp forests, this shrimp was a major predator
on Membranipora colonies (Yoshioka 1973).
Amount of daylight accounted for most of the variance in
Hippolyte abundance, which increased as daylight decreased (Tables
27,28). This supports the observation of seasonal peaks during
winter. Temperature minimums usually are correlated with daylight
minimums, but 1976 was an abnormally warm water year. Tempera-
tures during December 1976 were much higher than during December
1975 and, as a result, the effects of temperature and daylight were
separated naturally. Hippolyte abundance was correlated significantly
with daylight and not temperature, suggesting that daylight was the
controlling factor of Hippolyte abundanc e.
The size-frequency distribution of H. clarki in each zone
was strongly skewed toward the larger sizes (Fig. 50), and the log
transformed distributions displayed significant departul'es from
normality (Table 25). The size distributions also suggested a pro-
gressive decrease in sizes from largest individuals in the canopy, to
. smaller individuals in the middle and bottom (K-S test, all p<O. 00l) .
On the basis of these distributions, H. clarki always was larger than
either mysid species (K-S test, all p< O. 00l).
The temporal changes in mean carapace length of shrimps
displayed an annual cycle in all zones: highest in April and lowest
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Figure 50. Size-frequency Distributions of the Shrimp Hippolyte
clarki for Each Zone and All Zones Combined, Measured
Quarterly from July 1975 to October 1976. Abbreviations
as in Figure 40.
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during October (Fig. 12). The decrease in size from the canopy to
the bottom also described the seasonal pattern. With two exceptions.
mean g. clarki length in the canopy was larger (t-test. all p<O. 05)
than in both lower zones. and mean sizes in the miqdle were larger
(t- test. all p<O. 05) than in the bottom.
Brooding females were present during all months of the
study. slightly more common in the canopy than in the middle, and
least abundant in the bottom (Fig. 47). Abundances in all zones were
relatively constant throughout the investigation. as were the relative
proportions of brooding females (Fig. 48).
Eualus herdmani was rare in the kelp foliage and. when
present. only occurred in the bottom zone (Appendix II). It was more
numerous in the holdfasts. but still uncommon. Individuals were
present in all foliage zones at night. suggesting a nocturnal migration
from diurnal refuges in the holdfasts or other areas (Zimmerman and
Coyer. unpublished data). Eualus herdmani was not collected during
the latter half of this investigation.
Molluscs. Molluscs formed a moderately important com-
ponent of the total invertebrate abundance and biomass (Table 3). All
species were most abundant in the lower zones and relatively rare in
the canopy (Fig. 51), Molluscs were a speciose group of inverte-
brates, with 26 species of gastropods (excluding nUdibr~nchs) and
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Figure 51. Mollusc Abundance (All Species Combined) Measured
Monthly from June 1975 to December 1976. Lege~d
as in Figure 7.
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five species of bivalves present during this study. The number of
gastropod and bivalve species, respectively, sequentially decreased
from the bottom (24, 5) to the middle (21,3), and canopy (16,2). Like-
wise, the abundances of most species also progres~ivelydecreased
from highest numbers in the bottom, to lowest numbers in the canopy
(Figs. 52, 53). No differences in mollusc species compositions as a
function of vertical zone were present, although this has been ob-
served in other kelp forests (Lowry et al. 1974). The seasonal abun-
dances of many species revealed an annual cycle: highest in late
summer and lowest in winter to spring (Figs. 52, 53).
In the canopy, 91'0 of all mollusc individuals were composed
of three species (Crepidula sp, Granulina margaritula, Mitrella
tuberosa). Four species (Crepidula sp, Q.:. margaritula, Barleeia
californica, Tricolia pulloides) accounted for 900/0 of the molluscs
in the middle zone, and five species (Crepidula sp, G. margaritula,
T. pulloides, B. californica, Amphithalmus inclusus) contributed 92%
of the mollusc s in the bottom.
Little natural history and distributional data are available
for the molluscs associated with Macrocystis. Crepidula was the
most abundant mollusc during the first half of the investigation, but
disappeared during the latter half. Only juveniles were present.
Macrocystis foliage may be an important "nurserylt for juvenile
250
December 1976. Legend as in Figure 10 b.
Crepidula sp, Granulina margaritula, and Tricolia
pulloides, in Each Vertical Zone from June 1975 to
Figure 52. Monthly Abundances of the Gastropod Molluscs,
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Figure 53. Monthly Abundances of the Gastropod Molluscs,
Barleeia californica, Arnphithalrnus inclusus, and
A. tenuis, in Each Vertical Zone from June 1975 to
December 1976. Legend as in Figure lOb.
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Crepidula prior to maturation and movement into an adult habitat;
however.. this seems unlikely because of their limited mobility. The
high initial abundance probably represented an abnormally high settle-
ment in a sub- optimal habitat (Macrocystis). These individuals were
subjected to intense predation by fishes.. as they were a common prey
item in the diet of kelp perch during this period (Coyer.. unpublished
data}. Locally.. Crepidula species are most commonly found on or
under rocks and as epibionts on other molluscs. Some species are
found in holdfasts (Ghelardi 1960).
Granulina margaritula was ve~ abundant.. especially during
the latter portion of the investigation.. and its variations in abundanc e
were 'correlated highly with the seasonal abundances of the bryozoan
L. novae-zelandiae (Table 28). Granulina utilizes an extensible
proboscis in feeding (Coan and Roth 1966); thus .. it seems to be
adapted anatomically to utilize this bryozoan as a prey item (see also
"Bryozoan encrustations.. "above). No direct observations were
attempted to support this hypothesis.
In order of decreasing abundance, Tricolia pulloides,
Barleeia californica, and both species of Ampithalmus were associ-
ated commonly with Macrocystis. All were abundant also in Phyllo-
spadix (surfgrass) beds, but in reverse order; Ampithalmus by far
.,
was the dominant gastropod in the§\lrfgrass habitat (Engle 1979).
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None of the measured parameters explained the .variations in
Barleeia abundance (Table 28). Two additional species, Alia
carinata .and Lacuna unifasciata, were uncommon during this investi-
gation but are associated commonly with Macrocystis forests off
San Diego (Jones 1971; R. McPeak, personal communication) .
. Nudibranch density characteristically is very difficult to
.
assess as abundances often range from extreme abundance to absence
within a ~ven area (Ajeska and Nybakken 1976). Entire populations
appear and disappear within a short period of time, as was demon-
strated by numerous species at Habitat Reef.
During this investigation, two species of nudibranchs were
commonly, but sporadically, associated with Macrocystis (Fig. 54)
Polycera tricolor was abundant in the upper zones during the middle
portion of the investigation. Other species of Polycera are known to
feed extensively on bryozoans (Yoshioka 1973; McDonald and
Nybakken 1978), and it is assumed that R. tricolor does as well.
Melibe leonina was common in the lower zones during winter
. (Fig. 54). 1'his species often is associated with Macrocystis through-
out its range, and is unusual in that it feeds on planktonic organisms..
using an extended oral hood (Ajeska and Nybakken 1976). The natural
history of Melibe has been examined recently by Ajeska and
Nybakken (1976).
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Figure 54. Monthly Abundances of the Nudibranch Molluscs,
Polycera tricolor and Melibe leonina, in Each Vertical
Zone from June 1975 to December 1976. Legend as in
Figure lOb.
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Bivalves were rare in the kelp foliage although juveniles of
two species were present seasonally in the lower zones. Hiatella
artica commonly is found in other types of habitats~ including algal
holdfasts (Coan and Carlton 1975), whereas Halodakra brunnea is
fairly abundant in local Phyllospadix beds (Engle 1979).
Ostracods. Ostracods were a I?oderately important
numerical component of the invertebrate assemblage, but contributed
very little to the total biomass (Table 3). As a group, they were
common in all zones~ progressing from highest densities in the
canopy to lower numbers in the middle,and .lowest numbers in the
bottom (see Appendix II). Only two species were encountered 'com-
monly. Macrocrprina pacifica was most abundant during spring~ and
most common in the upper zones (Fig. 55). The unidentified paradox-
ostomatid was much less abundant, but also most common in the
canopy. Ostracods are very abundant in the holdfasts and are numer-
ous in the water column at night (Hobson and Chess 1976; Hammer
and Zimmerman in prep).
Isopods. Two species of isopods were encountered com-
monly and both were highly seasonal in occurence and microhabitat
specialists. Idotea resecata was found only in the canopy during
winter months, supporting earlier observations by Limbaugh (l955)
.•....
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Figure 55. Monthly Abunda.nces of the Ostracod Macrocyprina
pacifica and the Sea Urchin Stronglyocentrotus sp, in
Each Vertical Zone from June 1975 to December 1956.
Legend as in Figure 10 b.
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and Jones (1971). It is restricted primarily to Macrocystis, but
occasionally is associated with Zostera (eelgrass) beds (Menzies
1950; Jones 1971) and never is found in kelp holdfasts (Ghelardi
1960; Jones 1971; Hammer and Zimmerman in prep). It feeds
primarily on Macrocystis tissue, although the epiphytes and other
animal material may be utilized when available (Naylor 1955; Jones
1971; Lee and Gilchrist 1972). Jones (1967) reported large numbers
of ldotea resecata grazing on deteriorating canopy blades during
three successive winters in San Diego kelp forests. Seasonal patterns
of deteriorating Macrocystis and accompanying masses of.!: resec&.ta
were not observed during the present investigation. Although it is a
strong swimmer and swims from stipe to stipe (Lee and Gilchrist
1972). it is never found in the water column during the day or night
(Hobson and Chess 1976). None of the biological or physical
parameters explained the variations in b resecata abundance
(Table 27)•
. Paracerceis .cordata essentially was confined to the bottom
. zone and was abundant only during fall. It is a common isopod in the
holdfasts and Dictyopteris- Sargassum beds during the day, and is
active and very abundant in the water column at night (Hobson and
Chess 1976; Hammer and Zimmerman in prep).
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Echinoderms. The Macrocystis foliage is a potentially
important habitat for settlement and metamorphosis of sea urchins.
During the winter months j and shortly after adult spawning peaks
(Boolootian and Giese 1959), large numbers of newly settled (average
dia. = O. 5 mm) Strongylocentrotus sp. were present in the kelp
foliage (Fig. 55). These urchins probably were juvenile S. pur-
puratus, as recruitment of juvenile.§. franciscanus is restricted to
areas unc;ier the spine canopy of conspecific adults (Tegner and Dayton
1977). According to Tegner and Dayton (1977), juvenile.§. pur-
puratus are present under rocks, in kelp holdfasts, and under adults
of both species, but sizes and abundances were not reported.
Newly settled urchins are extremely susceptible to preda-
tion, and many species of invertebrates and fish have been identified
as .predators (Tegner and Dayton 1977). Most of these predators,
however, are confined to the benthic regions within a kelp forest.
Only two predators, 1:?oth fish (Oxyjulis californica, Brachyistius
frenatus), are routinely present in the kelp foliage. Thus. in the
absence of a specialized recruitment behavior (as in S. franciscanus).
. -
s. purpuratus larvae may settle preferentially in the kelp foliage as
a refuge from benthic predation.
Settlement within the foliage revealed a pattern of vertical
stratification. Juvenile urchins were extremely numerous in the
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middle, less abundant in the bottom, and relatively rare in the canopy
(Fig. 55). This stratification may reflect larval preference or may
be a result of predation by fishes. 'fhe kelp forest, and specifically
the canopy, is the }i>referred habitat for one of the two fish predators,
Brachyistius frenatus (see Chapter I). This fish is a "picker-type"
predator, highly adapted to pick small prey items (e. g., urchins)
from the kelp substrate. Thus, predation by Brachyistius may re-
duce the number of juvenile urchins in the canopy. The other fish
predator, Oxyjulis californica, also is a "picker-type" predator, but
is wide- ranging tl,lroughout all vertical zones and also is very common
in nonkelp forest habitats. Because of this generality, Oxyjulis is
less likely to influence the distribution of juvenile urchins.
. .
The kelp foliage also may be an important habitat for the
settlement of the sea star, Astrometis sertulifera. Newly settled
individuals (average dia. = 2.6 mm) were common in the lower zones
during summer- early fall, and this seasonal pattern has been ob-
served every summer subsequent to 1976 (Coyer, unpublished data).
~he preferred local habitat of larger juveniles and adults
is under rocks and among the benthic algae within a kelp forest, but
the newly settled juveniles are not common in these areas. Like sea
urchins, Astrometis juveniles are subjected to intense predation by
the same group of benthic predators. Again, the kelp foliage may be
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a preferred habitat for settlement, as it may provide refuge from
benthic predation. Juveniles beyond a certain size are not present
in the foliage, suggesting a migration down the kelp into the benthic
region. Settlement undoubtedly occurs in other hab~tats, but recruit-
ment to Macrocystis foliage may add a significant number of indi-
viduals to the population.
Astrometis sertulifera is a known predator on juvenile sea
urchins (Tegner and Dayton 1977). .It is interesting and perhaps sig-
nificant that sea urchins settle on Macrocystis foliage several months
before Astrometis settlement (Appendi"C n). Regardless of whether
or not Macrocystis is the preferred site of settlement for both
species, the offset periods are important in the predator-prey
relationship. By settli~g first, sea urchins are relatively large when
Astrometis begins to settle. Thus, most juvenile sea urchins may
be too large for predation by a new population of A. sertulifera.
Others. Other invertebrate groups were collected during this
investigation, but always represented a minor component of the total
. invertebrate abundance and biomass. These groups included crusta-
ceans such as caprellids, cladocerans, isopods, brachyuran decopods,
cirripeds, cumaceans, and tanaids, as well as polychaetes and
turbullarians. A complete list is presented in Appendix II. Some of
these species displayed marked seasonal and!or spatial patterns.
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Patterns of vertical stratification
Kelp foliage. The patterns of vertical stratification dis-
played by plants and animals within a terrestrial forest long have
been considered a basic concept in forest ecology. Several strata of
foliage are recognized within a forest, and each stratum is charac-
terized by a distinct group of plant species as well as a characteristic
assemblage of animals (for a review, se·e Smith 1973). As noted by
Smith (1973), "stratification" is a general term and has been used
collectively to describe three similar but distinct types of vertical
stratification: (1) vegetation or biomass, (2) individuals, and (3)
plant species.
•
Most of the stratification patterns described for terrestrial
forests are applicable also in an aquatic kelp forest. Vegetational
strata are particularly well developed. The upper stratum or canopy
zone is a thick mass of interdigitating fronds, forming a horizontal
layer of vegetation at the air-water interface. This layer is some-
what unstable, as tidal and/or storm-induced currents can affect the
relative amount of vegetation within the zone. The bottom zone con-
tains the specialized reproductive fronds which form a "bushy" mass
of vegetation at the base of the plant. The uniformly vertical area of
vegetation between the canopy and the bottom is the middle zone. Thus,
three basic strata (canopy, middle, bottom) are present in a mature
kelp forest.
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S~ratification of plant individuals occurs when large numbers
of juvenile Macrocystis are present, forming temporary and inter-
mediate layers prior to reaching the surface. This type of stratifi-
cation, however, is relatively shortlived because of the fast growth
rate of Macrocystis.
Stratification of plant (alga) species only occurs in young
kelp forests when light penetration is adequate to support a multi-
species layer of understory algae. As the canopy becomes more
extensive, it generally is suggested that it reduces the amount of
light untiL the levels are too low to support an understory layer
(Clendenning 1964).
Invertebrates. Patterns of vertical stratification also were
apparent in the invertebrate assemblage associated with the Macro-
c.lstis foliage. Throughout the three vegetational zones, three dif-
ferent types of stratification were present: (1) by species, (2) by
individuals, and (3) by size.
Analysis of the three foliage strata revealed a gradient of
species numbers progressively decreasing from the bottom to the
middle and canopy zones, and this pattern occurred during each
month of the study (Table 22, Fig. 36). Amphipods and molluscs
displayed the greatest differential between the bottom and canopy,
but the pattern occurred within most taxa (see Appendix II).
267
i
.1
i
,
<.
II
.~
f
As many of the foliage species also were found in the hold-
fast, this gradient perhaps is not surprising. One can think of
holdfast species "diffusing" into the foliage zones, with various
physical and! or biological parameters influencing the properties of
"diffusion. II Molluscs, for example, are always removed to the
lower zones following a dislodging disturbance because of their heavy
shells, and the dramatic decrease in mollusc abundance from the
bottom to the canopy could be due to such disturbances (Fig. 51).
Disturbances, therefore, may be one factor influencing the distribu-
tions of species within the kelp foliage. Species distributions also
may be a function of mobility, substrate requirements, or food
availability. Competitive at:1d predatory interactions among the
assemblage species must be considered (see below), and the im-
portance of fish predatlon in determining invertebrate distributions
is discussed in Chapter 1.
A zonal gradient in the numbers of invertebrate individuals
was less defined than the gradient demonstrated for species num-
bers. Numerical stratification was reduced to two levels, as the
number of individuals in the middle and bottom were similar, but
both were much greater than the numBers present in the canopy
(Fig. 4).
Most of the difference in numbers between the two strata
was a result of fewer amphipods andcopepods in the canopy. An
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explanation for this pattern is not clear# but fish predation may be
of some importance. As was discussed in Chapter 1# the canopy
was the preferred foraging area of the kelp perch# Brachyistius
frenatus. This fish was the most abundant fish associated with
Macrocystis and preyed extensively on amphipods and copepods.
Consequently# Br'achyistius predation may influence the number of
amphipods and copepods in the canopy, as well as physical factors
such as strong surface currents# waves# and swells.
Size. Vertical stratification by size also was displayed by
the invertebrate assemblage. Shrimps# mysids, and amphipods were
larger in the canopy than in the middle or bottom zones during most
months of the investigation (Fig. 12). In general, sizes of shrimps
and mysids progressively decreased from largest in the canopy to
smallest in the bottom, whereas the smallest amphipods were
present in the middle.
It is possible to account for the observed stratification of
sizes by considering the size- structuring nature of fish predation.
. Fish predation often has been demonstrated to be a major factor in
structuring the composition, abundance, and sizes of zooplankton
assemblages (Brooks and Dodson 1965; Reif and Tappa 1966;
Galbraith 1967; Hurlbert et al. 1972; Warshaw 1972; Archibald 1975;
Macan 1977). Intense size-selecti.ye predation removes the larger
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zooplankters and allows the smaller zooplankters to become dominant.
Fish predation also has been demonstrated to affect the structure of
substrate-oriented amphipod distributions (Cooper 1965; Nagle 1968;
Strong 1971; Vince et al. 1976; Van Dolah 1978; Ne~son 1979).
In a similar manner, size- selective predation by members
of the kelp foliage- searching guild may influence the sizes and com-
position of the kelp-associated invertebrate assemblage. Numerous
observat~ons indirectly support this hypothesis.
The interdigitating fronds of the canopy greatly increase
the structural complexity in this zone and, consequently, may offer
much more spatial refuge for invertebrates than in the middle and
,
bottom zones. As increased structural complexity has been demon-
strated to decrease effectiveness of prey capture by fishes (Glass
1971; Vince et al. 1976; see also Brock 1979), the canopy complexity
ma~ discourage extensive canopy utilization by fish predators.
Furthermore, the heaviest concentration of all kelp forest fishes
occurs in the middle. zone (Hobson and Chess 1976). and it is sig-
nificant that Brachyistius. the only fish predator confined to the
canopy and upper middle microhabitat. consumes smaller prey (see
Chapter I). Thus, predation pressure is potentially high in areas of
minimal structural complexity and may result in an assemblage
dominated by small- sized individuals. Conversely. predation
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pressure on larger individuals in the canopy may be reduced rela-
tive to the lower zones. resulting in a proportionately greater abll\\
dance of larger individuals.
If structural complexity does afford larger individuals a
refuge from predation. then invertebrates in the structurally com-
plex benthic turf algae may be similar in size to those of the canop~'\
This is indeed the case. as the mean amphipod size in this habitat hl
slightly larger (3.2 mm. Zimmerman 1979) than canopy amphipods.
but much, larger than lower zone amphipods (Fig. 40).
Analysis of the amphipod species composition in each vert! ...
cal zone provides additional indirect evidence supporting the size-
selective predation hypothesis. Ampithoe plea was one of the largc:-ll
amphipods in the kelp forest and it was much more common in the
canopy than in the middle and bottom (Fig. 42). It also is abundant
in the benthic turf algae (Zimmerman 1979). Hyale freguens is
another large amphipod. and is the dominant amphipod in the inter-
tidal zones of southern California (Barnard 1969a; Zimmerman
1979). It was common seasonally in the canopy. always rare in the
middle and bottom zones (Fig. 42), and common in the benthic turf
alga~ (Zimmerman 1979). Gitanopsis vilordes and Microjassa
litotes were the two most common and smallest amphipod species
associated with Macrocystis. and both were most abundant in this
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habitat (see also Hobson and Chess 1976). Microjassa never was
found in the benthic turf algae, while Gitanopsis was common but not
abundant (Zimmerman 1979). Both species were most abundant in
the middle and bottom zones (Fig. 41). Thus, the ~mallest amphipod
species were somewhat restricted to the Macrocystis habitat,
especially to the relatively simple-structured middle and bottom
zones, whereas -the largest species were confined to the structurally
complex canopy and benthic turf algae. Amphipods· are an important
component'in the diet of most kelp foliage-searching fishes, as well
as in the diets of other kelp forest fishes (Quast 1968b; Hobson and
Chess 1976). Intense fish predation on amphipods, therefore, could
be a major selection pressure for small amphipod siz es and species
in the middle and bottom zones of the Macrocystis habitat.
Alternate hypotheses also may explain the size stratification
of invertebrates. As stratification occurs within a species (Figs.
46,49,50), intraspecific behavioral interactions may confine certain
size classes to specific zones. This type of interaction has been
demonstrated experimentally in a freshwater amphipod (Van Dolah
1975). Likewise, interspecific competitive interactions may infiu-
ence the size distributions of some species. Larger individuals may
be more abundant in the canopy simply in response to the presence
of preferred food types and/or sizes.
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The physical environment is fairly homogeneous from the
canopy to the bottom, with the exception.of light and perhaps water
movement. It is possible that smaller individuals are absent from
the canopy because they are negatively phototactic 017 less able to
withstand surface water motions, but this seems unlikely.
The alternate hypotheses cannot be dismissed with the
available evidence and require further investigation. Based on indirect
evidence, however, size-selective predation by fishes appears to
explain best the similar patterns of size stratification observed by
many invertebrates.
Most of the invertebrates associated with Macrocystis were
small-sized, and large individuals were rare (Fig. 11). This distri-
bution was similar in shape to the size distribution of insects in
temperate terrestrial forests (Schoener 1971), in that both areas sup-
ported large numbers of small individuals but few large individuals.
These distributions differed from the insect size distributions of
tropical terrestrial forests which had more equitable numbers of
}arge and smaH insects (Schoener and Janzen 1968; Schoener
1971). The presence of larger insects in the tropical fores~s effec-
tively expanded the food size dimension relative to the temperate
forests (assuming equal abundance). This expansion may account for
some of the increased bird species ?~versity in the tropics as much
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of this increase is due to the addition of insectivorous species
adapted to capture large insects (Schoener 1971).
A similar expansion in the food size dimension of a marine
subtidal habitat' has been hypothesized to account for the addition of
a conspecific to a feeding guild of benthic algae- searching marine
fishes (Schmitt and Coyer, in prep). Large amphipods were rela-
tively rare in the shallow subtidal algae habitats off the southern
California Channel Islands, but were much more abundant in similar
habitats off the northern Channel Islands. In the south, the amphipod
..
distribution was utilized by Embiotica jacksoni and the conspecific
E. lateralis was never present. In the north, the expanded amphipod
. ,
.
distribution was utilized by~. jacksoni and E. lateralis. Embiotica
jacksoni was a size-indifferent predator in both areas, as the
utilized amphipod size distributions were no different from the
available distributions. In contrast, ,m. lateralis was a size-
selective predator, specializing on the largest amphipods. Thus,
.!. lateralis may be absent fr9m the southern Channel Islands because
. of the reduced amphipod size dimension resulting from the lack of
larger individuals.
In view of the above investigations.. an increase in the pro-
portions of large invertebrates associated with Macrocystis may
permit increased fish species div~rsity. Other kelp forests must
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be examined to determine the relationship between size distributions
of the associated fauna and fish diversity.
Summary
A total of 114 invertebrates were associated with Macro-
cystis foliage during this investigation although, during any given
month, the species number ranged from 50 to 74. Thirty species
were considered common (mean monthly abundance >10/kg kelp),
24 were uncommon (1 < x<10/kg), and 60 species were rare
( <l/kg).
The foliage assemblage was dominated by amphipods in
terms of numbers (540/0) and biomass (62%), and by arthropods
(63 spp) and molluscs (41 spp) in terms of species. Gammarid
amphipods were the most speciose group of arthropods, but three
species comprised 87% of all gammarids. Numerically, 94% of
all invertebrates collected during this investigation were amphipods,
copepods, mysids, and shrimps. These groups represented 960/0 of
the total invertebrate biomass. Neither the total number of species
nor the number of individuals was correlated with bryozoan density
or amount of decomposing kelp. The abundances of some species
were highly correlated with parameters such as temperature, day-
light, and bryozoan density.
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Vertical stratification of vegetation and invertebrates was a
major feature of the kelp forest. Based on qualitative observations
in the vegetation mass, the kelp foliage was divided into the canopy,
middle, and bottom zones. The holdfasts were not investigated.
Mean number of invertebrate species associated with each zone
progressively decreased from 39 species in the bottom, to 33 in
the middle, and 26 in the canopy. This gradient of species numbers
was present for virtually all taxonomic groups .
. "Mean number and biomass of all invertebrates combined
were highest in the middle zone, slightly lower in the bottom, and
lowest in t1)e canopy. Shrimps were most common in the canopy.
Two species o.! mysids occurred commonly, one species primarily
in the canopy, the other primarily in the lower zones. Most species
of amphipods were more abundant in the lower zones, but two
species were more numerous in the canopy. Copepods decreased in
numbers from tHe bottom to the canopy. Molluscs always were most
abundant in the bottom, less numerous in the middle, and relatively
uncommon in the canopy. Os'tracod abundance progressively de-
creased from the canopy to the ~ottom. whereas polychaetes de-
creased from the lower zones to the canopy.
Throughout this investigation, mean sizes of shrimps,
mysids, and amphipods were significantly larger in the canopy than
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in the lower zones. A causal relationship between this observed size
gradient and size-selective predation by fishes is suggested. The
size-frequency distribution of combined shrimps, mysids, amphi-
pods, and copepods indicated large numbers of small-sized indi-
viduals, but very few large individuals. Mean invertebrate size in
the kelp forest (2.43 mm) was very small and similar to the mean
amphipod size (2.17 mm). Shrimps (6. 19 mm) were the largest
.
commonly occurring invertebrate. In general, more reproductively
"
mature shrimps and mysids were present in the canopy than in the
bottom zones.
No seasonal patterns of Macrocystis density were observed
~
although kelp density declined during the last months of the investiga-
lion associated with abnormally high water temperatures. The
canopy zone was reduced drastically during this period, thus altering
the distribution and abundance of numerous invertebrate species .
. In general, ~nvertebrate numbers were highest from Decem-
ber to May, lowest from June to November. The per:i0d of increased
numbers co-occurred with an increase in both temperature and day-
light from their lowest annual levels. Invertebrate numbers de-
creased as temperatures approached the highest annual levels and
subsequently declined, and as daylight progressed from maximum to
minimum annual levels.
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. Fishes
Juvenile Fishes
Juveniles of seven fish species were collected during this
study (Appendix II). Five species rarely were encountered (all..
<O.l/kg/mo), and two species (Rimicola muscarum, Atherinops
sp larvae) occurred somewhat regularly but in low numbers (all,
0< 1. a/kg/mo). No zone preferences were present.
Rimicola muscarum rarely exceeds 4 cm in length, and
essentially is found only on Macrocystis, clinging to the kelp with a
ventral sucker (Feder et al. 1974). Rimicola rarely was encountered
at Habitat Reef.. but because of its clinging behavior few individuals
are likely to escape, and this rarity probably was realistic. These
abundances are similar to the Rimicola density in other kelp forests
(Feder et al. 1974) and suggest that this fish never is present in
large numbers.
The abundance of Heterostichus rostratus juveniles was
only. slightly underestimated. This fish was very substrate-oriented..
and only occasionally left the protective confines of the kelp foliage
as the net approached. Adults always were present in low numbers
(see "Patterns of Resource Utilization.. " Chapter I).
Juvenile Sebastes atrovirens were underestimated.. as they
formed small aggregations which easily avoided the net. This error
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was minor, however, as juveniles rarely were observed and adults
always occurred in low numbers (see "Patterns of Resource Utiliza-
tion, " Chapter 1).
The abundances of Oxyjulis californica and Paralabrax
clathratus were vastly underestimated. Large schools of juvenile
Oxyiulis and many juvenile Paralabrax were observed, but individuals
rarely were collected. Both species were numerous in the kelp
forest as adults (for P. clathratus, see "Patterns of Resource Utili-
zation, II'Chapter 1). In contrast, the capture of a single Ulvicola
sanctaerosae was an accurate estimate of its local abundance, as
this species is very rare at Catalina.
#
Juvenile Chromis punctipinnis and Brachyistius frenatus
were seasonally abundant in the upper regions of the kelp foliage,
but never were collected. Adults of both species were extremely
numerous in the kelp forest (for B. frenatus, see IlPatterns of Re-
source Utilization, " Chapter I).
The Kelp Foliage- searching Feeding Guild
This section provides general life history and meristic data
for each of the fishes within the foliage- searching guild. More pre-
cise measurements of abundance, diet, vertical and horizontal
habitat preferences, and feeding behavior are presented in the
section "Patterns of Resource Utilization" in Chapter 1.
.,.--
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Brachyistius frenatus Gill: Kelp Perch
The kelp perch (Embiotocidae) ranges from Baja California
to Vancouver B. C. at depths from the shallow subtidal to about 30 m
(Roedel 1953; Hubbs and Hubbs 1954). It is associ~ted intimately
with Macrocystis forests throughout this range, and in southern
California is one of the most numerous fishes in the kelp forest.
Kelp perch usually form loose aggregations of 12 or more indi-
viduals, but larger fish often are solitary (Hobson 1971).
Kelp perch are specialized predators and feed by "picking"
prey froo the surface of algae or the surrounding water column
(Hobson 1971). They are well adapted for this behavior possessing
a small, highly protrusible, and slightly upturned mouth with
anteriorly projecting teeth at the front of each jaw (Hubbs and Hubbs
1954; Fig. 56). The fully extended mouth forms a round tube-like
structure, highly effective for sucking in prey with a current of
water (Alexander 1967). This feeding mechanism, however, re-
stricts the maximum size of prey that can be handled (Werner 1977).
The capture of small prey, either from the water column or
from a complex substrate (Macrocystis), requires precise control
of body movements. Kelp perch have a short and compressed body,
a form that maximizes turning speed but minimizes power
(Alexander 1967). Forward motion is accomplished primarily by
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Figure 56. Standard Length Versus Mouth Area (Log) for Each Fish
Species. Two Distinct Patterns Result from Contrasting
Feeding Types: the Relatively Small-mouthed "Pickers"
and Active Searchers, and the Larger- mouthed Passive
Searchers (see Text).
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large, mobiie pectoral fins which also are important in fine control
of feeding movements. This general body plan, however, is not
adaptive for fast and sustained forward motion (Werner 1977).
The small mouth and general feeding behavior preadapts
kelp perch as "cleaners" of ectoparasites from the surface of other
fish. Hobson (1971) described Brachyistius as an "habitual
cleaner, " although it cleaned less frequently than other Ifcleaner"
fish in the kelp forest. During the present study, cleaning behavior
by Brachyistius rarely was observed.
Feeding activity was recorded throughout the day, with no
peak periods of activity (see also Bray and Ebeling 1975). Nocturnal
feeding by Brachyistius was not observed and probably was unim-
portant (Bray and Ebeling 1975; Hobson 1976).
Embiotocids are viviparous, giving birth to adult-like juve-
niles. On Catalina, kelp perch juveniles were born mainly from
May to June, at a standard length of 30-35 mm. Most courtship and
coptllation occurred from September to December, with embryos first
visible (on dissection) in January. Brachyistius were reproductively
.mature by the beginning of their second year, at an approximate size
of 88 mm standard length and 17 grams wet weight. At Catalina,
these fish lived a maximum of 2-3 years and attained a maximum
size of 146 mm standard length (Fig. 57). All meristic data are
pr-esented in Table 29.
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Figure 57. Length-weight Relationship for Brachyistius frenatus.
The Divisions along the Curve Represent Approximate
Ages (Years) Based on Otolith Analysis.
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Paralabrax clathratus (Girard): Kelp Bass
The kelp bass (Serranidae) occurs from southern Baja
California to Monterey, California at depths from the shallow sub-
tidal to 40 m (Roedel 1953; Feder et al. 1974). It is common in
Macrocystis forests, although it is never the most numerous fish;
it also is found in other habitats of high physical relief. As kelp
forests generally provide a greater amount of physical relief than
most other habitats, they tend to contain a greater density of
Paralabrax.
Kelp bass ar~ sedentary fish with small home ranges and
minimal migratory behavior (Collyer and Young 1953; Quast 1968a;
Feder et al. 1974). Tl]ey are solitary predators, although high levels
of food or feeding activities tend to attract other Paralabrax indi-
viduals so that temporary aggregations are formed. Paralabrax
approximates Hobson's (l974) definition of a generalized predator.
The large mouth (Fi~. 56) greatly reduces the efficiency in suction-
feeding but allows larger prey to be captured (Werner 1977). Be-
cause the mouth is relatively less protrusible, kelp bass can grasp
prey from any angle and precise alignment prior to prey capture is
less crucial.
The fusiform body shape and propulsion by the caudal fin
reauce drag in Paralabrax, permitting faster and more sustained
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forward motions (Alexander 1967). The pectoral fins do not have as
much independent control as in Brachyistius and are used mainly in
turning and braking. As a result of the body morphology and fin
runctions~ delicate maneuvering is reduced in Paralabra.."(.
Feeding was observed throughout the day in juveniles and
young adults~ with no peaks of activity. Large adults rarely were
observed feeding during the day and probably confined most feeding
to sunset or sundown.
Int~aspecific aggressive interactions did occur among
Paralabrax juveniles but were uncommon. In most cases, one
individual darkened~ erected the dorsal fin, and chased another
individual for lengths varYing from 0.5-3 m. Some chases appear~d
to be territorial defenses~ with the "chaser" returning to the pre-
chase location. However, the reasons for other chases were un-
clear, as the "chaser" remained in the area where the chase was
terminated. Occasionally~ the "chaser" nipped the fleeing individual.
Paralabrax reproduces by epidemic spawning of gametes
from June-July at Catalina. Eggs are pelagic~ hatching in 36 hours
(17oC); hatchlings reach a length of 4. 5 mm in 10 days (Hageman
and Nordgren, in prep). Kelp bass are mature sexually at age two,
at an approximate size of 118 mm standard length and 95 grams
(Quast 1968a, Fig. 58), and have been reported to reach an age of
288
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Figure 58. Length-weight Relationship for Paralabra."<: clathratus.
The Divisions along the Curve Represent Approximate
Ages (Years) Based on Otolith Analysis.
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32 years and a length of 500 mm (Young 1963). Meristics of kelp
bass collected during this study are presented in Table 29.
Heterostichus rostratus Girard:
giant kelpfish
The giant kelpfish (Clinidae) commonly occurs from central
Baja California to Point Conception, California at depths from the
shallow subtidal to 30 m (Roedel 1953; Feder et a1. 1974). It is
associated intimately with algae, especially Macrocystis. and some-
times is common in Phyllospadix (surf grass). The body shape is
elongated and laterally tompressed, and the color varies with the
habitat. Kelpfish found in kelp. red algae, and surf grass usually
are yellow-brown, red, and bright green, respectively. Several
weeks are required for Heterostichus to change colors, although
intensity of the existing color can change within hours.
The kelpfish is a relatively narrow- mouthed stalking preda-
tor, aided in prey capture by its cryptic coloration and body mor-
phology. The flattened and elongated body, propelled by large inde-
_ pendently controlled pectoral fins, is highly adapted for slow and
delicate maneuvering within dense vegetation. Fast and sustained
forward swimming rarely is used in prey capture. Heterostichus
was observed feeding throughout the day, with no predictable peaks of
activity. Nocturnal feeding was not observed. although gut content
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analysis indicated some individuals may feed to a limited extent
at night.
During breeding season, male kelpfish established and
defended a small territory which included some kind of algae as a
nest. On Catalina, this nest was .usually the red alga Gelidium
nudifrons, although other reds and some brown algae also were
utilized. After a short courtship display by the smaller male, a
larger female deposited eggs on the nest. Egg deposition was a
long process, exceeding two hours in some cases, and fertilization
was external. The male remained to guard the nest against most
species of fish that entered the territory. Most nesting activity
seemed to occur from May to August, although egg-laden nests with
guarding males were recorded during every month of the year.
Heterostichus was mature during the second year, at approximately
190 mm. and 55 grams wet weight. On Catalina, kelpfish attained
a maximum length of ~ 50 mm and a maximum age in excess of seven
years (Fig. 59). Meristic data are presented in Table 29.
- Sebastes atrovirens (Jordan
and Gilbert): kelp rockfish
The kelp rockfish (Scorpaenidae) occurs from central Baja
California to central California. It ranges in depths from the
shallow subtidal to 50 m, but rarely deeper than 25m in southern
292
Figure 59. Length-weight Relationship for Heterostichus rostratus.
The Divisions along the Curve Represent Approximate
Ages (Years) Based on Otolith Analysis.
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California (Feder et al. 1974). Kelp rockfish are associated closely
with kelp forests and only occasionally are found in other habitats.
Again, Macrocystis density must be sufficiently high for habitation
(Fig. 15).
Mouth morphology and size in Sebastes are similar to that
in Paralabrax, being adapted for capturing large prey items from
any angle. Body morphologyl howeverl is slightly different in that
Sebastes is shorter, stouter~ and more expanded laterally. This
corresponding shift in the center of gravity to a more anterior posi-
tion, coupled with the relatively larger pectoral fins, slightly in-
creases the amount of maneuverability.
When present~ kelp rockfish were inactive during the daYI
either resting on the bottom or hovering in mid-water. At nightl
Sebastes actively fed a short distance from the kelp stipes (Fig. 27;
see also Hobson and Chess 1976).
As in all me.mbers of this familYI the kelp roddIsh is
viviparous. Fertiliz.ation is internall with the embryos developing
in the ovarian cavity and being released as free-swimming larvae.
The brood size is very large; in other species of rockfish it ranges
from 61 000 to almost one million larvae (Moser 1967). On Catalina,
female kelp rockfish released larvae from March to April, and
30-40 mm juveniles first were observed the following July.
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Reproductive maturity was attained by the end of their second year,
at a standard length of 160 mm and wet weight of 108 grams. Kelp
rockfish reached a maximum size of 290 mm and a maximum age
of five years (Fig. 60). Meristic data are presented in Table 29.
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Figure 60. Length-weight Relationship for Sebastes atrovirens.
The Divisions along the Curve Represent Approximate
Ages (Years) Based on Otolith Analysis.
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APPENDIX I
Evaluation of the sampling method. The numbers and
taxonomic composition of the invertebrates collected by the initial
processing of the January 1976 samples are compared with those
collected from a second processing four hours later. The five
replicates within each zone are combined to yield a mean abundance
for each species in each zone. The first column (# I kg) represents
the mean abundance determined after the initial sampling process;
the second column (%) represents the proportion removed by the
first processing.
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APPENDIX II
Mean monthly abundance/kg (x) and standard deviation (s)
for all kelp' associated species within each vertical zone (canopy,
middle, bottom). Three replicates were collected in each zone
from June to September 1975 and five replicates were collected in
each zone from October 1975 to December 1976. All species within
a taxonomic group are listed in decreasing order of overall abun-
dance (combined zones).
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APPENDIX ill
Length-length and length-weight relationships for the
plajor species and taxa. The sample size and correlation 'co-
efficient (in parentheses) are presented below each relationship.
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